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    In the current study, we assessed the role of transient receptor potential (TRP) channels on avoidance 
memory and anxiety states in CA3 area of the hippocampus. We explored the anxiety and avoidance 
memory states using test-retest protocol in the elevated plus maze to understand whether TRP channels can 
affect the above mentioned states in CA3 area. To investigate the consolidation phase of memory, the drugs 
were injected into the CA3 region before the test. Our data showed that the application of SKF-96365 did 
not alter anxiety-like behaviors but induced avoidance memory impairment. It was revealed that CA3 TRP 
channels could affect the avoidance memory consolidation and their role must be considered in future 
research. 
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INTRODUCTION 
     Transient receptor potential (TRP) channels, 
have emerged as important players in seizure and 
excitotoxicity. They are non-selective cation 
channels permeable to sodium and Ca
2+ 
ions. 
TRP channels are categorized as: TRPC 
(canonical), TRPV (vanilloid), TRPM 
(melastatin), TRPA (ankyrin), TRPP 
(polycystin), TRPN (nompC), and TRPML 
(mucolipin). TRPC subfamily, the first 
mammalian cloned, are sub-grouped into 
TRPC1/4/5, TRPC3/6/7, and TRPC2 [1-3]. In 
many previous reports, 1-[2-(4-methoxyphenyl)-
2- [3- (4-methoxyphenyl) propoxy]ethyl-1H-
imidazole hydrochloride (SKF-96365) has been 
used as the inhibitor of the TRP channels [4-7].  
The superfamily of TRP channels share a 
common architecture with voltage-gated 
potassium channels and calcium channels [8]. 
The expression of TRPC1 in most limbic areas 
has been reported from moderate to high [9, 10] 
and TRPC5 is highly expressed in the CA1-CA3 
region of the hippocampus and the amygdala [11, 
12]. It has been shown that the gating of these 
channels can be done either by G-protein coupled 
receptors [13] or directly by a rise in free 
intracellular Ca
2+
 [14, 15].  
All this clearly shows the important role of TRP 
channels in calcium signaling.  
Calcium entrance can regulate a number of 
important functions of the cell from muscular 
contraction to action potential propagation in 
neurons [16]. Calcium is also a key player in 
cognitive functions such as learning and memory 
[17]. TRP channels as alternative pathways for 
Ca
2+
 entrance have been considered in a number 
of studies on cognitive and non-cognitive 
behaviors [18-20]. For example, it has been 
reported that decreasing the reuptake of serotonin 
in synapses, the activation of TRPC6 can be used 
as a treatment for depression [21]. The TRP 
channels contribution has also been investigated 
in growth cone guidance [22] excitotoxicity [2], 
cancer [18], and memory consolidation [23] and 
they seem to be promising molecular targets for 
 




the treatment of head trauma, stoke and epilepsy 
[2].  
Hippocampal formation has been widely 
recognized for its crucial role in spatial and 
contextual learning and memory [24, 25] and 
anxiety [26, 27]. Considering the structure and 
connections of hippocampus, the CA3 area 
receives connection from entorhinal cortex and 
dentate gyrus as well as a number of subcortical 
structures like amygdala which gives it a special 
position in processing emotional and memory 
related data [28]. 
Based on existing evidence of the role of TRP 
channels in cognitive processes, the current study 
aimed at investigating the involvement of CA3 
TRP channels in the anxiety and avoidance 
memory states in a test-retest protocol in elevated 
plus maze using SKF-96365. 
 
MATERIALS AND METHODS 
Animals 
    A sum of 28 male Wistar rats purchased from 
Pasteur Institute of Iran (weight: 220–270 g, age: 
7-8 weeks at the time of surgery) were used and 
housed 6-7 per cage in a room with a 12:12 h 
light/dark cycle (lights on 07:00 hours). The 
temperature was controlled at 23±1C. Animals 
had free access to food and water and were 
adapted to the laboratory conditions for one week 
prior to the surgery. The rats were handled about 
3 minutes/day in advanced to behavioral testing. 
The experiments were conducted in accordance 
with the guide for care and use of laboratory 
animals established by the National Institute of 
Health of the United States of America (1996). 
Stereotaxic surgery and drug 
microinjections 
    The animals were anesthetized using 2 ml/kg 
intraperitoneal injection of ketamine 
hydrochloride 10% (50 mg/kg) and xylazine 2% 
(4 mg/kg). Using the rat brain atlas by Paxinos 
and Watson [29] and to aim the ventral CA3 area 
(AP -4.5, ML ±5.2, DV -7.6; Figure 1), the rats 
were placed in Kopf stereotaxic frame and two 
stainless steel guide cannulas  with a length 11.0 
mm and an outer diameter of 0.6 mm were 
implanted bilaterally and fixed. Drug injections 
were made by a 2 µl Hamilton syringe connected 
by a polyethylene tube to an internal cannula (27-
gauge, terminating 1.3 mm below the tip of the 
guides). Injections were made over 1 minute into 
the CA3 area and 5 minutes before testing [30]. 
Elevated Plus-Maze (EPM)  
     The device consisted of two opposite arms 
(5010 cm) surrounded by a 1 cm high Plexiglas 
ledge and two enclosed-arms (501040 cm) set 
up 50 cm above the floor and was made of wood. 
The junction area of four arms was an area of 
1010 cm [31]. The animals were individually 
placed in the center of the EPM, as described by 
Pellow and File [32], facing an open arm and 
allowed free exploration. The EPM model is a 
common test of animal anxiety [33] and can also 
be used to measure the effect of emotional states 
on the memory in a repeated measures protocol 
[34]. Based on the observed experience-
dependent behavioral changes, the test-retest 
protocol gives a measure of acquisition and 
memory retention [35]. 
Drugs 
    Ketamine and xylazine - purchased from 
Alfasan Chemical Co, Woerden, Holland - were 
used for animal anesthesia. SKF-96365 was 
purchased from Tocris (Bristol, UK). 
Histology 
     After the experiments, a lethal dose of 
pentobarbital (100 mg/kg, i.p.) was 
intraperitoneally injectioned. Then, 0.5 µl of a 
50% Indian ink solution was injected to mark the 
implantation sites. The brains were removed and 
fixed in 10% neutral buffered formalin for at 
least 48 hours. Slices (50 μm thick) were 
obtained and mounted on glass microscope slides 
for localization according to the diagrams from 
Paxinos and Watson’s rat brain atlas [29]. If the 
drug infusion was outside the CA3 region, the 
data of the rat was excluded from the analysis.  
General conditions and data collection 
    The tests were undertaken in a low illuminate 
(40-lux) environment, during the diurnal phase. 
The apparatus was cleaned with a wet tissue 
paper (10% ethanol solution) after each test to 
avoid urine impregnation. The following 
behavioral measures were scored: the number of 
open-(OAE) and enclosed-arms entries (EAE) 
with the four paws, and the time spent in open-
arms (OAT). The resulted data were used to 
calculate the percentage of time spent in open 




arms [34]. The percentage of OAE and OAT as 
the standard anxiety indices were calculated as 
follows: (a) %OAT (the ratio of time spent in the 
open arms to total times spent in any arm×100); 
(b) %OAE (the ratio of entries into open arms to 
total entries×100). (c) EAE (total closed arm 
entries were measured as a relative pure index of 
locomotor activity)[36]. 
Experimental protocol 
    Seven rats were used in each experimental 
group. After a one-week recovery, the rats were 
subjected to the following experimental procedures. 
The microinjection cannulas were inserted into the 
guide cannulas and the rats were injected bilaterally 
(0.5 μl on each side) with either saline or 0.9% 
sterile saline dissolved SKF-96365 (0.01 μg/rat). 
Five minutes after the completion of the injection, 
the rats were placed at the center of the EPM 
apparatus. The response of each animal was 
recorded for 5 minutes (test) and the videotapes 
were scored later. After a 24-hour interval, the 
animal's response on the EPM was recorded again 
(retest).  
Statistical analysis 
    Data displayed normality of distribution and 
homogeneity of variance, hence repeated measure 
and t-tests was used for data analysis. SPSS 
(Version 16; SPSS Inc., Chicago, IL, USA) was 
used for data processing. P<0.05 represented a 
significant result in all comparisons. 
 
RESULTS  
Effects of pretest intra-CA3 microinjection of 
SKF96365 on open-arms exploratory 
behaviors  
     Repeated measure and dependent and 
independent t-test between the test and retest days 
showed that the intra-CA3 injection of SKF-96365 
increased %OAT (p<0.001; Fig. 1, panel 2A) and 
%OAE (p<0.01; Fig. 1, panel 2B) at a dose of 0.01 
µg/rat on the retest day as compared to their 
respective control group, but did not alter %OAT or 
%OAE on the test day. The data suggest that SKF-
96365 induced avoidance memory impairment at 
the mentioned dose while it did not alter anxiety-
like behaviors. (Table 1)  
 
Figure 1. Panels 1 and 2: The effect of SKF-96365 on 
anxiety (Panel 1) and memory (Panel 2). Rats (n=7) were 
injected with saline (1 μl/rat) or SKF-96365 (0.01 μg/rat). 
The tests were performed 5 minutes after intra-CA3 
injection of the drug. Each bar indicates mean ± SEM. (A) 
%OAT (percentage open arm time), (B) %OAE (percentage 
open arm entries) and (C) EAE (enclosed-arm entries). 
++p<0.01 and +++p<0.001 as compared with the control 
group in panel 1. **p<0.01 and ***p<0.001 as compared 
with the control group in panel 2. 
 
Table 1. Data analysis in the experimental groups 
Experiments Behaviors Inter-group Intra-group Inter-Intra group 
  F(1, 18) P F(2, 18) P F(2, 18) P 
Repeated measure analysis 
for SKF-96365 between 
panels 1 and 2 Fig.1) 
%OAT 7.981 0.011 5.221 0.016 0.64 0.539 
%OAE 5.64 0.029 10.523 0.001 2.173 0.143 
EAE 106.143 0.001 1.256 0.309 0.619 0.549 
 
 





     Our data showed that SKF-96365, the 
inhibitor of TRP channels, induced avoidance 
memory impairment at the applied dose, which is 
an indication of the involvement of these 
channels in memory consolidation. However, no 
significant change in anxiety-like behaviors was 
observed at the applied dose, which is in line with 
previous report that SKF-96365 did not appear to 
alter anxiety-like behaviors on the EPM task [37]. 
The SKF-96365 effect on avoidance memory 
impairment was significant, which is in 
contradiction with the effects shown for the 
prelimbic cortex [37] and intra-medial septum 
[23]. Differences in the involved areas might be 
regarded as contributing factors. Reports showed 
that Ca
2+
 dependent molecules are involved in 
hippocampal synaptic plasticity and related 
processes [38-41].  As Ca
2+ 
entrance pathways, 
TRP channels have recently been considered as 
novel targets for the development of therapeutic 
drugs for head trauma, epilepsy, and stroke [2]. It 
is shown that TRPC channels have seven 
members (TRPC1-7) in their family and they may 
have a share in various human diseases [42].  
Also, it has been shown that TRPC1/4/5 channels 
are “polymodal” and can be activated either by 
G-protein coupled receptors like mGluR1 [13], or 
directly by an increase in intracellular free Ca
2+ 
[14, 15].  
 
“The authors declare no conflict of interest” 
 
TRPC3 and 6 channels are receptor-operated or 
store-operated [1, 3]. TRP channels are activated 
by phospholipase C produced diacylglycerol or 
tyrosine kinases [3]. They also permit Ca
2+
 influx 
through IP3 receptor-dependent mechanisms [3, 
43]. As TRP channels let the influx of cations 
down  
their electrochemical gradients, they can cause 
depolarization of the cell and regulate 
spontaneous firing activities [44]. T-type Ca
2+
 
channels blockade under physiological conditions 
by SKF-96365 has also been reported. T-type 
Ca
2+
 channels are involved in cellular mechanisms 
of maintaining LTP [45].  
For example, 10 µM SKF-96365 has been used to 
identify the contribution of non-selective cation 
channels in maintaining intracellular Ca
2+
 levels 
and spontaneous firing in midbrain dopamine 
neurons [44].  However, Singh reported that SKF-
96365 may not be the ideal choice to study TRP 
channels in some tissues (Singh et al., 2010). 




 exchanger by SKF-
96365 is another effective method to disrupt 
[Ca
2+
]i homeostasis [46].  
 
CONCLUSION        
     The experiment data showed that the TRP 
channels in the CA3 area are involved in 
producing amnesia and the role these channels 




1. Montell, C. The TRP superfamily of cation 
channels. Sci STKE. 2005; 2005(272): re3. 
2. Zheng, F; Phelan, KD. The role of canonical 
transient receptor potential channels in seizure 
and excitotoxicity. Cells. 2014; 3(2): 288-303. 
3. Ramsey, IS; Delling, M; Clapham, DE. An 
introduction to TRP channels. Annu Rev Physiol. 
2006; 68: 619-47. 
4. Bomben, VC; Sontheimer, HW. Inhibition of 
transient receptor potential canonical channels 
impairs cytokinesis in human malignant gliomas. 
Cell Prolif. 2008; 41(1): 98-121. 
5. Chigurupati, S; Venkataraman, R; Barrera, D; 
Naganathan, A; Madan, M; Paul, L; Pattisapu, 
JVet al. Receptor channel TRPC6 is a key 
mediator of Notch-driven glioblastoma growth 
and invasiveness. Cancer Res. 2010; 70(1): 418-
27. 
6. Ding, X; He, Z; Zhou, K; Cheng, J; Yao, H; 
Lu, D; Cai, Ret al. Essential role of TRPC6 
channels in G2/M phase transition and 
development of human glioma. J Natl Cancer 
Inst. 2010; 102(14): 1052-68. 
7. Andres, D; Keyser, B; Benton, B; Melber, A; 
Olivera, D; Holmes, W; Paradiso, Det al. 
Transient receptor potential (TRP) channels as a 
therapeutic target for intervention of respiratory 
effects and lethality from phosgene. Toxicol Lett. 
2015. 




8. Pedersen, SF; Owsianik, G; Nilius, B. TRP 
channels: an overview. Cell Calcium. 2005; 38(3-
4): 233-52. 
9. Zhu, X; Jiang, M; Peyton, M; Boulay, G; 
Hurst, R; Stefani, E; Birnbaumer, L. trp, a novel 
mammalian gene family essential for agonist-
activated capacitative Ca2+ entry. Cell. 1996; 
85(5): 661-71. 
10. Yildirim, E; Birnbaumer, L. TRPC2: 
molecular biology and functional importance. 
Handb Exp Pharmacol. 2007; (179): 53-75. 
11. Philipp, S; Hambrecht, J; Braslavski, L; 
Schroth, G; Freichel, M; Murakami, M; Cavalie, 
Aet al. A novel capacitative calcium entry 
channel expressed in excitable cells. EMBO J. 
1998; 17(15): 4274-82. 
12. Strubing, C; Krapivinsky, G; Krapivinsky, L; 
Clapham, DE. TRPC1 and TRPC5 form a novel 
cation channel in mammalian brain. Neuron. 
2001; 29(3): 645-55. 
13. Kim, SJ; Kim, YS; Yuan, JP; Petralia, RS; 
Worley, PF; Linden, DJ. Activation of the 
TRPC1 cation channel by metabotropic glutamate 
receptor mGluR1. Nature. 2003; 426(6964): 285-
91. 
14. Gee, CE; Benquet, P; Gerber, U. Group I 
metabotropic glutamate receptors activate a 
calcium-sensitive transient receptor potential-like 
conductance in rat hippocampus. J Physiol. 2003; 
546(Pt 3): 655-64. 
15. Stroh, O; Freichel, M; Kretz, O; Birnbaumer, 
L; Hartmann, J; Egger, V. NMDA receptor-
dependent synaptic activation of TRPC channels 
in olfactory bulb granule cells. J Neurosci. 2012; 
32(17): 5737-46. 
16. Hille, B, Ion channels of excitable 
membranes. Vol. 507. 2001: Sinauer Sunderland, 
MA. 
17. Teyler, TJ; Cavus, I; Coussens, C; DiScenna, 
P; Grover, L; Lee, YP; Little, Z. 
Multideterminant role of calcium in hippocampal 
synaptic plasticity. Hippocampus. 1994; 4(6): 
623-34. 
18. Prevarskaya, N; Zhang, L; Barritt, G. TRP 
channels in cancer. Biochim Biophys Acta. 2007; 
1772(8): 937-46. 
19. Tai, Y; Feng, S; Du, W; Wang, Y. Functional 
roles of TRPC channels in the developing brain. 
Pflugers Arch. 2009; 458(2): 283-9. 
20. Tiruppathi, C; Minshall, RD; Paria, BC; 
Vogel, SM; Malik, AB. Role of Ca2+ signaling 
in the regulation of endothelial permeability. 
Vascul Pharmacol. 2002; 39(4-5): 173-85. 
21. Bouron, A; Lorrain, E. [Cellular and 
molecular effects of the antidepressant hyperforin 
on brain cells: Review of the literature]. 
Encephale. 2014; 40(2): 108-13. 
22. Li, Y; Jia, YC; Cui, K; Li, N; Zheng, ZY; 
Wang, YZ; Yuan, XB. Essential role of TRPC 
channels in the guidance of nerve growth cones 
by brain-derived neurotrophic factor. Nature. 
2005; 434(7035): 894-8. 
23. Najar, F; Nasehi, M; Haeri-Rohani, SA; 
Zarrindast, MR. The involvement of medial 
septum 5-HT1 and 5-HT2 receptors on ACPA-
induced memory consolidation deficit: Possible 
role of TRPC3, TRPC6 and TRPV2. J 
Psychopharmacol. 2015; 29(11): 1200-8. 
24. Holt, W; Maren, S. Muscimol inactivation of 
the dorsal hippocampus impairs contextual 
retrieval of fear memory. J Neurosci. 1999; 
19(20): 9054-62. 
25. King, JA; Trinkler, I; Hartley, T; Vargha-
Khadem, F; Burgess, N. The hippocampal role in 
spatial memory and the familiarity--recollection 
distinction: a case study. Neuropsychology. 2004; 
18(3): 405-17. 
26. Cannistraro, PA; Rauch, SL. Neural circuitry 
of anxiety: evidence from structural and 
functional neuroimaging studies. 
Psychopharmacol Bull. 2003; 37(4): 8-25. 
27. Trent, NL; Menard, JL. The ventral 
hippocampus and the lateral septum work in 
tandem to regulate rats' open-arm exploration in 
the elevated plus-maze. Physiol Behav. 2010; 
101(1): 141-52. 
28. Heath, RG; Harper, JW. Ascending 
projections of the cerebellar fastigial nucleus to 
the hippocampus, amygdala, and other temporal 
lobe sites: evoked potential and histological 
studies in monkeys and cats. Exp Neurol. 1974; 
45(2): 268-87. 
29. Paxinos, G; Watson, C, The rat brain in 
stereotaxic coordinates-The New Coronal Set. 
2004: Academic press. 
30. Naseri, MH; Hesami-Tackallou, S; Torabi-
Nami, M; Zarrindast, MR; Nasehi, M. 
Involvement of the CA1 GABAA receptors in 
 




MK-801-induced anxiolytic-like effects: an 
isobologram analysis. Behav Pharmacol. 2014; 
25(3): 197-205. 
31. Chegini, HR; Nasehi, M; Zarrindast, MR. 
Differential role of the basolateral amygdala 5-
HT3 and 5-HT4 serotonin receptors upon ACPA-
induced anxiolytic-like behaviors and emotional 
memory deficit in mice. Behav Brain Res. 2014; 
261: 114-26. 
32. Pellow, S; File, SE. Anxiolytic and 
anxiogenic drug effects on exploratory activity in 
an elevated plus-maze: a novel test of anxiety in 
the rat. Pharmacol Biochem Behav. 1986; 24(3): 
525-9. 
33. Kulkarni, SK; Sharma, AC. Elevated plus-
maze: a novel psychobehavioral tool to measure 
anxiety in rodents. Methods Find Exp Clin 
Pharmacol. 1991; 13(8): 573-7. 
34. Carobrez, AP; Bertoglio, LJ. Ethological and 
temporal analyses of anxiety-like behavior: the 
elevated plus-maze model 20 years on. Neurosci 
Biobehav Rev. 2005; 29(8): 1193-205. 
35. Serafim, KR; Kishi, MS; Canto-de-Souza, A; 
Mattioli, R. H(1) but not H(2) histamine 
antagonist receptors mediate anxiety-related 
behaviors and emotional memory deficit in mice 
subjected to elevated plus-maze testing. Braz J 
Med Biol Res. 2013; 46(5): 440-6. 
36. Razavi, S; Haeri-Rohani, A; Eidi, A; 
Zarrindast, MR. Involvement of D(1)/D(2) 
dopamine antagonists upon open-arms 
exploratory behaviours induced by intra-nucleus 
accumbens shell administration of N-methyl-D-
aspartate. Folia Neuropathol. 2014; 52(2): 164-
78. 
37. Samira Razavi, MN, Ali Haeri-Rohani, 
Akram Eidi, Mohammad Reza Zarrindast. 
Involvement of the Nucleus Accumbensshell 
Presynaptic NMDA Receptors on Anxiolytic-like 
Behaviors Induced by NMDA in Adult Male 
Wistar Rat. JOURNAL OF PARAMEDICAL 
SCIENCES. 2013; 4(2): 9. 
38. Ahi, J; Radulovic, J; Spiess, J. The role of 
hippocampal signaling cascades in consolidation 
of fear memory. Behav Brain Res. 2004; 149(1): 
17-31. 
39. Lisman, J; Schulman, H; Cline, H. The 
molecular basis of CaMKII function in synaptic 
and behavioural memory. Nat Rev Neurosci. 
2002; 3(3): 175-90. 
40. Miyamoto, E. Molecular mechanism of 
neuronal plasticity: induction and maintenance of 
long-term potentiation in the hippocampus. J 
Pharmacol Sci. 2006; 100(5): 433-42. 
41. Pare, D. Presynaptic induction and expression 
of NMDA-dependent LTP. Trends Neurosci. 
2004; 27(8): 440-1. 
42. Vazquez, G; Wedel, BJ; Aziz, O; Trebak, M; 
Putney, JW, Jr. The mammalian TRPC cation 
channels. Biochim Biophys Acta. 2004; 1742(1-
3): 21-36. 
43. Bolotina, VM; Csutora, P. CIF and other 
mysteries of the store-operated Ca2+-entry 
pathway. Trends Biochem Sci. 2005; 30(7): 378-
87. 
44. Kim, SH; Choi, YM; Jang, JY; Chung, S; 
Kang, YK; Park, MK. Nonselective cation 
channels are essential for maintaining 
intracellular Ca2+ levels and spontaneous firing 
activity in the midbrain dopamine neurons. 
Pflugers Arch. 2007; 455(2): 309-21. 
45. Chen, CC; Shen, JW; Chung, NC; Min, MY; 
Cheng, SJ; Liu, IY. Retrieval of context-
associated memory is dependent on the Ca(v)3.2 
T-type calcium channel. PLoS One. 2012; 7(1): 
e29384. 
46. Song, M; Chen, D; Yu, SP. The TRPC 
channel blocker SKF 96365 inhibits glioblastoma 
cell growth by enhancing reverse mode of the 
Na(+) /Ca(2+) exchanger and increasing 
intracellular Ca(2+). Br J Pharmacol. 2014; 
171(14): 3432-47.
 
